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Man-made  polymers  synthesized  by  free  radical  or  polycondensation  mechanisms 
are  known  to  produce  a  wide  distribution  of  molecular  weights  and  hence  characteristic 
chain  lengths  [1-5].  A  quantity  called  ‘Polydispersity  Index’  (PI)  has  been  used  as  a 
rough  guide  to  understand  the  distribution  of  these  molecular  weights. 

PI  =  M„/Mn 

where  Afwis  the  weight  average  molecular  weight  andM„is  the  number  average 
molecular  weight.  A  polymer  is  considered  to  be  monodisperse  if  PI  equals  1.  Different 
analytical  methods,  such  as  gel  permeation  chromatography  (GPC)  and  combinations  of 
light  scattering  and  vapor  pressure  osmometry,  are  analytical  tools  that  have  been 
traditionally  used  to  study  the  distribution  of  these  different  molecular  weights 
(polydispersity)  of  polymers  in  solution  [1-4].  On  the  other  hand,  there  are  few  direct 
methods  for  analyzing  lengths  of  molecules  at  surfaces  [1,  4].  Given  the  importance  of 
polymer  adsorption  in  technologies  ranging  from  adhesion,  lubrication,  to  biology  and 
medicine  [1],  new  methods  for  characterizing  polydispersity  at  surfaces  are  of  both 
practical  and  fundamental  interest. 

Single  molecule  studies  using  atomic  force  microscopy  may  be  able  to  directly 
characterize  such  surface  polydispersity  and  this  paper  aims  to  examine  that  potential. 
Apart  from  the  usual  contact  adhesion  observed  in  AFM,  polymer  distortions  can  be 
observed  when  a  grafted  polymer  chain  bridges  to  the  AFM  tip  [6-12]  as  can  be  seen  in 
Figure  1 .  The  suggestion  that  this  phenomenon  could  be  used  to  study  polymer 
polydispersity  has  been  suggested  by  several  authors,  [7,  8,  10b,  1 1]  but  has  not  been 
explored  in  detail. 


REPORT  DOCUMENTATION  PAGE 

form  Approved 

0MB  No.  0704-01  SB 

P'jonc  'focn  nc  ourafn  ?cr  tni^  coN^nicfl  o1  .ntcrrr.juon  rjtifliitw  to  iverxje  i  nour  o^r  rnoofiie.  tnciuomg  tnf  tOf  reviewing  mstfuaiOH^,  v«*rcning  truting  on*  icurr«  i 

githenna  jne  rN*inTJintng  a»tj  ne-M«,  ind  cc^^,ol«tlf^g  ano  r^vie^irw;  ’hf  coderticn  o-f  in-form*ticn.  S^no  comm^nu  rtg*raing  thij  bufOfri  Mtimate  or  any  cthf r  a^a  erf  I 

codeaton  of  informjtion,  including  suggwttons  for  rwucing  tnn  ouroen  to  W^nington  Hetoouirtm  5-»fvic«.  Oirprtofitt  for  information  Ocwratiom  and  Rroerts.  1215  >rt1rruyn  I 
Oavn  H(gh>vay,  Suit#  i2C4,  Ariingion,  VA  222C3-4302.  ir%d  to  tn«  Otfic#  of  Manag^m#nt  ar>d  Sudgdt.  ^apfrxor*  Reduction  ^ro|e<T  (0704^1881,  Wasnmyton.  DC  20503.  j 

1.  AGENCY  USE  ONLY  (Ltive  ounk) 

2.  REPORT  DATE  3.  REPORT  TYPE  AND  DATES  COVERED 

August,  2001  Technical 

4.  TITLE  AND  SUSTITLE 

Study  of  Polydispersity  of  Polymer  Surfaces  Using  Single  Molecule 
Atomic  Force  Microscopy 

5.  FUNDING  NUMBERS  ' 

NOOO 14-96-0735 

6.  AUTHOR(S) 

Al-Mawaali,  S.;  Bemis,  J.;  Walker,  G.  C.., 

'  i  ' 

7.  PERFORMING  ORGANIZATION  NAME(5)  AND  AOORESS(ES} 

3.  PERFORMING  ORGANIZATION 

REPORT  NUMBER 

University  of  Pittsburgh 

G- 12  Chevron  Science  Center 

00-1 

9.  SPONSORING /MONITORING  AGENCY  NAME(S)  AND  ADDR£S5(ES) 

1  Department  of  the  Navy,  Office  of  Naval  Research 

800  North  Quincy  Street,  Arlington,  VA  22217-5660 

10.  SPONSORING/MONITORING 

AGENCY  REPORT  NUMBER 

11.  SUPPLEMENTARY  NOTES 

12a.  DISTRIBUTION/ AVAILASIUTY  5TAT 

EMENT 

12b.  DISTRIBUTION  CODE 

This  document  has  been  approved  for  public  release  and 
sale,  its  distribution  is  unlimited. 

j  13.  ABSTRACT  (Maximum  200  woras^ 

Single  molecule  atomic  force  microscopy  (AFM)  was  used  to  study  the  statistical  distribution  of  contour 
lengths  (polydispersity)  of  polymer  chains  grafted  to  a  surface.  A  poly(dimethylsiloxane)  (PDMS) 
monolayer  was  grafted  on  a  flat  silicon  substrate  by  covalently  bonding  Cl-terminated  PDMS  to  an 
OH-silicon  surface  and  characterized  using  contact  angle  measurements  and  ellipsometry,  and  single  i 

molecule  AFM.  A  model  for  the  single  chain  dynamics  is  presented.  The  statistical  distributions  of  the 
polymer  contour  lengths  were  found  to  depend  on  concentration  of  the  PDMS  polymer  used  in  the  1 

grafting  solutions, 
i 

j  14.  iUBJECT  TERMS 

i 

1 

1  15. 

OF  PAGES  ! 

I  16. 

■1 

PRJCE  CODE 

:  "7.  zcCURiTT  :UAS5iriCATICN 

OF  REPORT 

,  18.  itCURITY  -U^SSiFlCATION 

Of  this  page 

;  .3.  SECURITY  CLASEIrICATICN  i  20. 

OF  iBSTRAC:  j 

■JMITATION  OF  ABSTRACT  1 

1 

( 

'Jnclasslf  iaa 

JUG  ‘  assif  ed 

'JriClassif  lad  1 

TL  i 

i$N  -xiaO'-iSOO  -tancara  -orm  .98  ^.ev.  >89) 


*«?*cno«J  '3v  aNW  iw. 
,'»-502 


